We review the present status of CP violation in the standard model. Subsequently we make an excursion in the future in order to see what we could expect in this field in this and the next decade. We present various strategies for the determination of the CKM parameters and divide the decays into four classes with respect to theoretical uncertainties. We emphasize that the definitive tests of the Kobayashi-Maskawa picture of CP violation will come through a simultaneous study of CP asymmetries in B o d,s decays, the rare decays 
Following Wolfenstein [3] , it is useful but not necessary to expand each element of the CKM matrix as a power series in the small parameter λ =| V us |= 0.22:
Because of the smallness of λ and the fact that for each element the expansion parameter is actually λ 2 , it is sufficient to keep only the first few terms in this expansion. Following [4] we will define the parameters (λ, A, ̺, η) through
where s ij and δ enter the standard parametrization [5] of the CKM matrix. This specifies the higher orders terms in (2) .
From tree level B decays sensitive to V cb and V ub , the parameters A, ̺ and η are constrained as follows [6] :
where we have introduced [4] 
In order to determine ̺ and | η | we still need the value of
which is governed by | V td |. From (5) and (7) we have 1 − R b ≤ R t ≤ 1 + R b and unless R t = 1 ± R b , one finds η = 0, which implies CP violation in the standard model.
We observe that within the standard model the measurements of four CP conserving decays sensitive to | V us |, | V ub |, | V cb | and | V td | can tell us whether CP violation is predicted in the standard model. This is a very remarkable property of the KobayashiMaskawa picture of CP violation: quark mixing and CP violation are closely related to each other. For this reason it is mandatory to discuss here also the most important CP conserving decays.
All this can be shown transparently in the (ρ,η) plane. Starting with the unitarity relation
rescaling it by | V cd V * cb |= Aλ 3 and depicting the result in the complex (ρ,η) plane, one finds the unitarity triangle of fig. 1 . The lenghts CB, CA and BA are equal to 1, R b and R t respectively. We observe that beyond the leading order in λ the point A does not correspond to (̺, η) but to (̺,η). Clearly within 3% accuracy (̺,η) = (̺, η). In the distant future this difference may matter however.
Fig. 1
The triangle in fig. 1 is one of the important targets of the contemporary particle physics. Together with | V us | and | V cb | it summarizes the structure of the CKM matrix.
In particular the area of the unrescaled triangle gives a measure of CP violation in the standard model [7] :
This formula shows another important feature of the KM picture of CP violation:
the smallness of CP violation in the standard model is not necessarily related to the smallness of η but to the fact that in this model the size of CP violating effects is given by products of small mixing parameters.
Since the top quark mass is an important parameter in the field of CP violation, we
have to specify what we mean by m t . Here in accordance with various QCD calculations quoted below, we will use m t ≡ m t (m t ): the current top quark mass at the scale m t .
The physical top quark mass (m phys t ) defined as the pole of the renormalized propagator is by about 7 GeV higher than m t .
Finally it should be stated that a large part in the errors quoted in (4) and (5) results from theoretical uncertainties. Consequently even if the data from CLEO improves in the future, it is difficult to imagine at present that in the tree level B-decays a better accuracy than ∆ | V cb |= ±2 · 10 −3 and ∆ | V ub /V cb |= ±0.01 (∆R b = ±0.04) could be achieved [8] . We will see below that the loop induced decays governed by short distance physics can in principle offer a more accurate determination of | V cb | and | V ub /V cb |.
Loop induced Decays and Transitions
Using (4), (5) and (7) we find | V td |≤ Aλ 3 (1 + R b ) ≤ 13.4 · 10 −3 and the branching ratio
. Consequently it will be very difficult to measure | V td | in tree level top quark decays. In order to find | V td | we have to measure loop induced decays and transitions governed by penguin and box diagrams with internal top quark exchanges.
In the K-meson system the top favourites are: the indirect (ε K ) and the direct (ε ′ ) CP violating contributions to K → ππ, the rare decays
In the B-meson system the corresponding favourites are:
Furthermore a very special role is played by CP-asymmetries in the decays B
• d,s → f where f is a CP eigenstate. Some of these asymmetries determine the angles in fig.1 (α, β, γ) without any theoretical uncertainties [9] . Consequently their measurements will have important impact on the search of the unitarity triangle (∆) and indirectly on | V td |. We will return to CP asymmetries in sections 5-7.
From this long list only ε K and x d are useful for ∆ at present but in 15 years from now the picture of ∆ might well look like the one shown in fig.2 .
The general structure of theoretical expressions for the relevant decay amplitudes is given in a simplified form roughly as follows:
A(Decay) = BV CKM η QCD F (m t ) + (Charm Contributions) + (LD Contributions) (10) Here V CKM represents a given product of the CKM elements we want to determine.
F (m t ) results from the evaluation of loop diagrams with top exchanges and η QCD summarizes short distance QCD corrections to a given decay. By now these corrections are known essentially for all decays listed above at the leading and next-to-leading order in the renormalization group improved perturbation theory. Next B stands for a nonperturbative factor related to the relevant hadronic matrix element of the contributing four fermion operator: the main theoretical uncertainty in the whole enterprise. In semi-leptonic decays such as K → πνν, the non-perturbative B-factors can fortunately be determined from leading tree level decays such as 
Classification
Let us group the various decays and quantities in four different classes with respect to hadronic uncertainties present in them.
• Class I (Essentially no hadronic uncertainties):
• νν and some CP asymmetries in neutral B decays to CP eigenstates which give sin 2α, sin 2β, sin 2γ.
• Class II (Small theoretical uncertainties related to Λ M S , m c , the renormalization scale µ or SU(3)-breaking effects.):
• Class III (Hadronic uncertainties are present but will probably be reduced considerably in the next five years):
• Class IV (Large hadronic uncertainties which can only be removed if some dramatic improvements in non-perturbative techniques will take place): 
Strategy
During the coming fifteen years we will certainly witness a dramatic improvement in the determination of the CKM-parameters analogous to, although not as precise as, the determination of the parameters in the gauge boson sector which took place during the last years. Let us recall that the relevant independent parameters in the electroweak precision studies are: Our strategy then will be to confine the presentation exclusively to the standard model and to discuss several quantities simultaneously with the hope that future precise measurements will display some inconsistencies which will signal a new physics beyond the standard model. Moreover we will devote a large part of this review to decays of class I and II which being essentially free from hadronic uncertainties are ideally suited for the determination of the CKM parameters. We will however also discuss some of the decays of class III and IV.
Messages from the Indirect CP Violation
The indirect CP violation in the K-system discovered in 1964 [10] and parametrized by • With decreasing | V cb |, B K and m t , the ǫ K -hyperbola moves away from the origin of the (ρ,η) plane. When the hyperbola and the circle (5) only touch each other a lower bound for m t follows [11] :
For V cb = 0.040, | V ub /V cb |= 0.08 and B K = 0.75 one has (m t ) min = 170 GeV.
• For a given m t a lower bound on | V cb |, | V ub /V cb | and B K can be found. For instance [4] (
• The CDF value for m t (m phys t = 174 ± 16 GeV ) [12] together with (13) and (14) imply that the observed indirect CP violation can be accomodated in the standard 
Let me now discuss four stars in the field of K-decays. The first three deal with searches of direct CP violation. The last one is CP conserving but plays an important role in the determination of the unitarity triangle. The fifth star, the parity violating asymmetry
Re(ε ′ /ε) measures the ratio of direct to indirect CP violation in K → ππ decays. In the standard model ε ′ /ε is governed by QCD penguins and electroweak (EW) penguins [17] . In spite of being suppressed by α/α s relative to QCD penguin contributions, the electroweak penguin contributions have to be included because of the additional enhancement factor ReA o /ReA 2 = 22 relative to QCD penguins. Moreover with increasing m t the EW-penguins become increasingly important [18, 19] and entering ε ′ /ε with the opposite sign to QCD-penguins suppress this ratio for large m t . For m t ≈ 200 GeV the ratio can even be zero [19] . The short distance QCD corrections to ε ′ /ε are known at the NLO level [20, 21] . Unfortunately ε ′ /ε is plagued with uncertainties related to non-perturbative B-factors which multiply m t dependent functions in a formula like (10) . Several of these B-factors can be extracted from leading CP-conserving K → ππ decays [20] . Two important B-factors (B 6 = the dominant QCD penguin and B 8 = the dominant electroweak penguin) cannot be determined this way and one has to use lattice or 1/N methods to predict Re(ε ′ /ε). An analytic formula for Re(ε ′ /ε) as a function of m t , Λ M S , B 6 , B 8 , m s and V CKM can be found in [22] . A very simplified version of this formula is given as follows
where Z(x t ) is given in (20) . For m t = 170±10 GeV and using ε K -analysis to determine η one finds [20, 21] 2 · 10
The experimental situation on Re(ε ′ /ε) is unclear at present. While the result of NA31 collaboration at CERN with Re(ǫ ′ /ǫ) = (23 ± 7) · 10 −4 [24] clearly indicates direct CP violation, the value of E731 at Fermilab, Re(ǫ ′ /ǫ) = (7.4 ± 5.9) · 10 −4 [25] is compatible with superweak theories [26] in which ǫ ′ /ǫ = 0. Both results are in the ball park of the theoretical estimates although the NA31 result appears a bit high compared to the range given in (16) .
Hopefully, in about five years the experimental situation concerning ǫ ′ /ǫ will be clarified through the improved measurements by the two collaborations at the 10 only if CP symmetry is violated [27] . Moreover, the direct CP violating contribution is predicted to be larger than the indirect one. The CP conserving contribution to the amplitude comes from a two photon exchange, which although higher order in α could in principle be sizable. The studies of the last years [28] indicate however that the CP conserving part is significantly smaller than the direct CP violating contribution.
The size of the indirect CP violating contribution will be known once the CP conserving decay K S → π 0 e + e − has been measured [29] . On the other hand the direct CP violating contribution can be fully calculated as a function of m t , CKM parameters and the QCD coupling constant α s . There are practically no theoretical uncertainties related to hadronic matrix elements in this part, because the latter can be extracted from the well-measured decay K + → π 0 e + ν. The next-to-leading QCD corrections to the direct CP violating contribution have been recently calculated [30] reducing certain ambiguities present in leading order analyses [31] and enhancing the leading order results by roughly 25%. The final result is given by
where Imλ t = Im(V td V * ts ) and
Here, to a very good approximation for 140 GeV ≤ m t ≤ 230 GeV ,
Next P o = 0.70 ± 0.02 as found in [30] . For m t = 170 ± 10 GeV one finds
where the error comes dominantly from the uncertainties in the CKM parameters.
This should be compared with the present estimates of the other two contributions:
the indirect CP violating and the CP conserving contributions respectively [28] . Thus direct CP violation is expected to dominate this decay.
The present experimental bounds The explicit expressions for Br(K + → π + νν) and Br(K L → π 0 νν) are given as follows
λ c is essentially real and X(x t ) is given to an excellent accuracy by
where the NLO correction calculated in [36] is included if m t ≡m t (m t ). Next P 0 (K + ) = 0.40 ± 0.09 [37, 41] is a function of m c and Λ M S and includes the residual uncertainty due to the renormalization scale µ. The absence of
It has been pointed out in [40] that measurements of Br(K + → π + νν) and Br(K L → π 0 νν) could determine the unitarity triangle completely provided m t and V cb are known.
Generalizing this analysis to include non-leading terms in λ one finds to a very good accuracy [41] (σ = (1 − λ 2 /2) −2 ):
where we have introduced the "reduced" branching ratios
It follows from (26) that
so that
does not depend on m t and V cb . An exact treatment of the CKM matrix confirms this finding to high accuracy. Consequently K + → π + νν and K L → π 0 νν offer a clean determination of sin 2β which can be confronted with the one possible in B 0 → ψK S discussed below. Combining these two ways of determining sin 2β one finds an interesting relation between rare K decays and B physics
which must be satisfied in the standard model. Any deviation from this relation would signal new physics. A numerical analysis of (23), (24) and (29) will be given below.
CP Asymmetries in B-Decays and x d /x s

CP-Asymmetries in B o -Decays
The CP-asymmetry in the decay B
• d → ψK S allows in the standard model a direct measurement of the angle β in the unitarity triangle without any theoretical uncertainties [9] . Similarly the decay B
• d → π + π − gives the angle α, although in this case strategies involving other channels are necessary in order to remove hadronic uncertainties related to penguin contributions [42] . The determination of the angle γ from CP asymmetries in neutral B-decays is more difficult but not impossible [43] . Also charged B decays could be useful in this respect [44] . We have for instance
where we have neglected QCD penguins in A CP (π + π − ). Since in the triangle of fig.1 one side is known, it suffices to measure two angles to determine the triangle completely.
We will investigate the impact of the future measurements of sin 2α and sin 2β below.
sin(2φ i ) can be expressed in terms of (̺,η) as follows [4] sin(2α) = 2η(η
We will see below that the asymmetry A CP (ψK S ) could be as high as -0.4. This is not in contradiction with (9) because the corresponding branching ratio for this decay is
). This possibility of observing large CP asymmetries in B-decays makes them particulary useful for the tests of the KM picture. 
where 
Note that m t has been eliminated this way and R ds depends only on SU (3) [46] shows that provided x d /x s has been accurately measured a determination of R t within ±10% should be possible. We will soon see that a much more accurate determination of R t can be achieved by measuring CP asymmetries in B-decays.
Future Visions
Here I would like to report on the results of recent studies presented in detail in refs. [4, 41, 47] . After showing the present picture of the unitarity triangle corresponding to the range of parameters given in (36) we will investigate what the future could bring us in this field. Several lines of attack will be presented in this section culminating with a precise determination of all CKM parameters in section 7.
Here we just use the four quantities listed above anticipating improved determinations The measurements by CLEO and at LEP will play important roles here. In view of our remarks in section 1.1, the range III assumes also improvements in the theory. We consider the following ranges [4] :
Range II
Range III x s = 12.9 ± 2.8
−11 (39) and sin(2γ) = 0. ± 0.68. We should remark that for the ranges II and III, the uncertainties in Br(K + → π + νν) due to m c , Λ M S and µ have been omitted. They will be included in sections 6.2 and 7.
This exercise implies that if the accuracy of various parameters given in (37) and (38) is achieved, the determination of | V td | and the predictions for sin(2β), Br(K
and Br(K L → π • νν) are quite accurate. A sizable uncertainty in x s remains however.
Another important message from this analysis is the inability of a precise determination of sin(2α) and sin(2γ) on the basis of ε K , B o −B o , |V cb | and |V ub /V cb | alone. This analysis shows that even with the improved values of the parameters in question as given in (37) and (38) a precise determination of sin(2α) and sin(2γ) this way should not be expected.
sin(2β) from K → πνν
The numerical analysis of (26)- (29) shows [41] 
We observe that the measurement of sin(2α) in conjunction with sin(2β) at the expected precision will have a large impact on the accuracy of the determination of the unitarity triangle and of the CKM parameters. In order to show this more explicitly we take 
The curve "superweak" in fig. 3 is the ambiguity curve of Winstein [50] . If (̺,η) lies on this curve it is impossible to distinguish the standard model from superweak models on the basis of CP-asymmetries in neutral B-decays to CP-eigenstates. It is evident that in order to make this distinction both sin(2α) and sin(2β) have to be measured. We next combine the analysis of sections 6.1 and 6.3. In fig. 4 we show the allowed ranges for sin(2α) and sin(2β) corresponding to the ranges I-III in (36)- (38) 
Precise Determinations of the CKM Matrix
Let us finally concentrate on the decays of class I which being essentially free from any hadronic uncertainties, stand out as ideally suited for the determination of the CKM parameters. We will use as inputs [47] :
• | V us |≡ λ = 0.2205 ± 0.0018 determined in [53, 54] . Recent critical discussions of this determination and of the related element | V ud | can be found in [55] .
• a ≡ sin(2α), b ≡ sin(2β) to be measured in future B-physics experiments.
• Br(K L → π 0 νν) to be measured hopefully one day at Fermilab (KAMI), KEK or another laboratory.
Using (32) and (24) one determines ̺, η and | V cb | as follows [47] :
̺ and η is to be found from (6) and (43). Here we have introduced
Note that the factor in front of λ 2 in (44) gives the parameter A in the Wolfenstein parametrization. Using (25) we also find a useful formula
We note that the weak dependence of | V cb | on Br(K L → π 0 νν) allows to achieve high accuracy for this CKM element even when Br(K L → π 0 νν) is known within 5 − 10%
accuracy. There exist other solutions for ̺ and η coming from (32) . As shown in [47] they can all be eliminated on the basis of the present knowledge of the CKM matrix.
At first sight it is probably surprising that we use a rare K-meson decay to determine We will return to this below.
As illustrative examples, let us consider the following three scenarios:
Scenario I sin(2α) = 0.40 ± 0.08 sin(2β) = 0.70 ± 0.06
Scenario II sin(2α) = 0.40 ± 0.04 sin(2β) = 0.70 ± 0.02
Scenario III sin(2α) = 0.40 ± 0.02 sin(2β) = 0.70 ± 0.01
The accuracy in the scenario I should be achieved at B-factories [48] , HERA-B [49] , at KAMI [56] and at KEK [57] . The results that would be obtained in these scenarios for ̺, η, to µ will remain in P 0 (K + ) giving ∆P 0 (K + ) = ±0.03 [37] . In this case the results in parentheses in table 2 would be found.
To summarize we have seen that the measurements of the CP asymmetries in neutral B-decays together with a measurement of Br(K L → π • νν) and the known value of | V us | offer a precise determination of all elements of the Cabibbo-Kobayashi-Maskawa matrix essentially without any hadronic uncertainties. K L → π 0 νν proceeds almost entirely through direct CP violation and is known to be a very useful decay for the determination of η. However due to the strong dependence on V cb this determination cannot fully compete with the one which can be achieved using CP asymmetries in B-decays. As the analysis of [41] shows (see section 6.2) it will be difficult to reach ∆η = ±0.03 this way if | V cb | is determined in tree level B-decays. Our strategy then is to find η from CP asymmetries in B decays and use
To our knowledge no other decay can determine | V cb | as cleanly as this one.
We believe that the strategy presented in [47] Of particular interest will also be the comparison of | V cb | determined as suggested here with the value of this CKM element extracted from tree level semi-leptonic Bdecays [6, 8] . Since in contrast to K L → π 0 νν, the tree-level decays are to an excellent approximation insensitive to any new physics contributions from very high energy scales, It is also clear that once the accuracy for CKM parameters presented here has been attained, also detailed tests of proposed schemes for quark matrices [58, 59] will be possible.
Precise determinations of all CKM parameters without hadronic uncertainties along the lines suggested here can only be realized if the measurements of CP asymmetries in B-decays and the measurements of Br(K L → π 0 νν) and Br(K + → π + νν) can reach the desired accuracy. All efforts should be made to achieve this goal.
Final Remarks
In this review we have discussed the most interesting quantities which when measured should have important impact on our understanding of the CP violation and of the quark mixing. We have discussed both CP violating and CP conserving loop induced decays because in the standard model CP violation and quark mixing are closely related.
In this short review we have concentrated on the CP violation in the standard model.
The structure of CP violation in extensions of the standard model could deviate from this picture [9, 60] . Consequently the situation in this field could turn out to be very 
